Thermodynamic functions of solvation of benzene in various binary aqueous-organic solvents by Sedov I. et al.
Thermodynamic functions of solvation of benzene in various binary
aqueous-organic solvents
I.A. Sedov ⁎, T.I. Magsumov, B.N. Solomonov
Chemical Institute, Kazan Federal University, 420008, Kremlevskaya 18, Kazan, Russia
a b s t r a c ta r t i c l e i n f o
Article history:
Received 10 July 2016
Received in revised form 9 October 2016
Accepted 19 October 2016
Available online 20 October 2016
Composition dependences of the thermodynamic functions of solvation in various aqueous-organic mixtures are
studied. Limiting activity coefﬁcients and solvation Gibbs free energies of benzene in the mixtures of water with
acetone, 1,4-dioxane, dimethyl sulfoxide, and tert-butanol with different compositions at 298 K were deter-
mined. The results were combined with literature data for the enthalpies of solution in these mixtures and
known values of thermodynamic functions of solvation of benzene in several other aqueous-organic solvents.
We observed general tendencies of nonlinear enthalpy-entropy compensation, preferential solvation, and exis-
tence of a critical composition of the mixtures when the maximum of ΔsolvH and the bend in ΔsolvG vs ΔsolvH
plot are observed. The nature of both organic cosolvent and solute inﬂuences the concentration of water corre-
sponding to this critical composition. For benzene, it lies between 0.75 and 0.95mole percent of water in all con-
sidered systems. In the same range of compositions, extrema of many other properties of aqueous-organic
mixtures were observed. It is concluded that at these compositions, solvation in the mixture is characterized
with the highest enthalpy cost of reorganization of binary solvent upon insertion of solute molecules and dimin-
ishment of the hydrophobic effect.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction
Many lowermembers of organic homologous serieswith polar func-
tional groups are liquids miscible with water in any proportions. Binary
aqueous-organic mixtures are used as reaction media [1], eluents in
chromatography [2], solvents for pharmaceuticals [3]. In these applica-
tions, solvation properties of mixtures play a crucial role. A remarkable
feature of binary solvents containingwater is a non-linear change of the
excess thermodynamic functions (primarily Gibbs free energies, en-
thalpies, and entropies) of solutes at inﬁnite dilution with the change
of solvent composition expressed in mole fractions as well as in volume
fractions [4–8]. One of the reasons of such behavior is that low polar
molecules or parts of molecules are preferentially solvatedwith organic
cosolvent. Another important factor is signiﬁcant energetic costs of re-
organization of solvent structure and change of its local composition
around a solute. These costs are responsible for prominent maxima in
the dependencies of the excess enthalpies of dissolved hydrocarbons
from the fraction of water observed in water-rich regions [9].
It is clear that the shape of the mentioned dependences is linked
with the balance between the abilities of solute, water, and organic
cosolvent to donate and accept hydrogen bonds. Analysis of the exper-
imental data on thermodynamics of solvation of various compounds
in different binary mixtures is necessary to understand the role of hy-
drogen bonds in solubilization, solvophobicity, and cononsolvency phe-
nomena. A particular attention should be paid to the solutes that form
no or weak hydrogen bonds with water, primarily hydrocarbons. For
these compounds, interactions between the molecules of cosolvents
(water–water, water–organic component and organic component–or-
ganic component) become the most important factor. Unfortunately,
the excess enthalpies and Gibbs free energies together are known only
for a relatively small number of systems, which urges us for further ex-
perimental studies of solvation properties of hydrocarbons in aqueous-
organic mixtures.
2. Methodology
There are indeed not so many works reporting the experimental
quantities that enable us to calculate both the enthalpy and entropy of
solvation of low polar molecules at 298 K over a broad range of aque-
ous-organic solvent compositions. The examples are the studies of
argon [10] and methane [11] in tert-butanol + water mixtures, naph-
thalene in ethanol + water [12,13] and ethylene glycol + water mix-
tures [14], anthracene in ethanol + water and tert-butanol + water
[15]. Moreover, the enthalpies of solution/solvation in all those studies
were calculated from the temperature dependence of solubility, which
gives much less precision than direct calorimetric studies. In our recent
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